Comparison of the mutagenic activity of the benzene metabolites, hydroquinone and para-benzoquinone in the supF forward mutation assay: a role for minor DNA adducts formed from hydroquinone in benzene mutagenicity.
Benzene, a ubiquitous environmental pollutant and occupational hazardous chemical, is a recognised human leukaemogen and rodent carcinogen. The mechanism by which benzene exerts its carcinogenic effects is to date unknown but it is considered that mutations induced by benzene-DNA adducts may play a role. The benzene metabolite, para-benzoquinone (p-BQ) following reaction in vitro with DNA, forms four major adducts, which include two adducts on 2'-deoxyguanosine 3'-monophosphate (dGp). Reaction of DNA with the benzene metabolite hydroquinone (HQ) results in only one major DNA adduct, which corresponds to one of the dGp adducts formed following reaction with p-BQ. The mutagenicity of the adducts formed from these two benzene metabolites was investigated using the supF forward mutation assay. Metabolite-treated plasmid (pSP189) containing the supF gene was replicated in human Ad293 cells before being screened in indicator bacteria. Treatment with 5-20 mM p-BQ gave a 12 to 40-fold increase in mutation rate compared to 5-20 mM HQ treatment, a result reflected in the level of DNA modification observed (8 to 26-fold increase compared to HQ treatment). Treatment with p-BQ gave equal numbers of GC --> TA transversions and GC --> AT transitions, whereas treatment with HQ gave predominantly GC-->AT transitions. The spectra of mutations achieved for the two individual treatments were shown to be significantly different (P = 0.004). A combination of both treatments also resulted in a high level of GC --> AT transitions and a synergistic increase in the number of multiple mutations, which again predominated as GC --> AT transitions. Sites of mutational hotspots were observed for both individual treatments and one mutational hotspot was observed in the multiple mutations for the combined treatment. These results suggest that the dGp adducts formed from benzene metabolite treatment may play an important role in the mutagenicity and myelotoxicity of benzene.